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1 CLAIMS 

2 We claim: 

3 1 . An abparatus for switching packets, each packet having a header 

4 portion, an optional aorresponding tail portion, and a class of service indicator, said 

5 apparatus comprising\ 

6 a pipelined swdrch comprising: 

7 a pluralitv of packet header buffers (PHBs); 

8 an equal pWality of PHB pointers, each said PHB pointer pointing to a 

9 corresponding PHB; and 

10 an equal plurality of pipeline stage circuits connected in a sequence, 

1 1 comprising at least a first stage circuit and a last stage circuit, 
^12 \ wherein : \ 

^l^L^^^^V^C^ each sam stage circuit begins an operation substantially 

14^^^^^""^^ ^^\^ sunultaneously with each other; 

1 5 each said stage circuit passes data to a next stage circuit in said 

16 ^ sequence when every said operation performed by all 

1 7 said stage circuits is completed; 

18 said first stage circuit reads said header portion and stores said 

19 headerportion in said corresponding PHB using said 

20 corresponding PHB pointer; and 

21 said last stage circuit outputs a modified header portion; and 

22 a receive buffer manager (RBMjicomprising: 

23 a joining circuit connected to said pipelined switch wherein said 

2fi modified header pokion and said corresponding tail portion are 

25 joined to form a mooified packet; 

26 a receive queue manager connected to said joining circuit that buffers 

27 said modified packet in a receive packet buffer and enqueues 

28 said modified packet usmg said class of service indicator and a 

29 plurality of receive queues; and 
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a dequeue circuit connected to said receive queue manager and said 
receive packet buffer, wherein said dequeue circuit uses said 
class of service indicator to dequeue said modified packet to a 
switch fabric. 

5 2. The apparatus as recited in Claim 1 , wherein said plurality of pipeline 

6 stage circuits further comprise: 

7 a pre-process circuit connected to said first stage circuit, wherein said pre- 

8 process circuit uses a second said PHB pointer to record first data in 

9 said corresponding PHB; 

10 a pointer lookup circuit connected to said pre-process circuit that compares 

1 1 said header portion to a first data structure and determines a leaf 

12 pointer using said second PHB pointer; 

13 a table lookup circuit connected to said pointer lookup circuit that uses said 

14 leaf pointer to access one or more sets of linked data structures and to 

1 5 fetch second data, wherein said table lookup circuit uses a third said 

16 PHB pointer to record said second data in said corresponding PHB; 

17 and 

18 a post-process circuit using said third PHB pointer and connected to said table 

1 9 lookup circuit, wherein said post-process circuit uses a fourth said PHB 

20 pointer to record third data in said corresponding PHB; 

21 wherein said last pipeline stage circuit comprises a gather circuit connected to said 

22 post-process circuit, and wherein said gather circuit uses said fourth PHB pointer to 

23 assemble said modified header portion. 



24 3. The apparatus as recited in Claim 1, further comprising: 

25 an input device that receives said packet; and 

26 a first buffer connected between said input device and said first stage circuit, 

27 wherein said first buffer buffers said header portion and said tail 

28 portion. 
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4. The apparatus as recited in Claim 3, further comprising a multiplexer 
interposed between said first buffer and said first stage circuit, wherein said 
multiplexer multiplexes said header portion and said corresponding tail portion 
together. 

5. The apparatus as recited in Claim 1, further comprising a second buffer 
interposed between said last stage circuit and said joining circuit. 

6. The apparatus as recited in Claim 5, further comprising a multiplexer 
interposed between said last stage circuit and said second buffer, wherein said 
multiplexer multiplexes said modified header portion and said corresponding tail 
portion together. 

7. The apparatus as recited in Claim 1 , wherein said receive packet buffer 
comprises buffers of different sizes. 

8. The apparatus as recited in Claim 1, wherein said receive packet buffer 
comprises buffers of equal size. 

9. The apparatus as recited in Claim 1, wherein said receive queue 
manager comprises a congestion avoidance circuit utilizing a status of each said 
receive queue. 

10. The apparatus as recited in Claim 9, wherein said status comprises a 
measure of average queue depth. 

1 1 . The apparatus as recited in Claim 1 , further comprising a transmit 
buffer manager (TBM), said TBM comprising: 

a third buffer that receives one or more packets from said switch fabric; 

a transmit queue manager connected to said third buffer that buffers each said 
packet in a transmit packet buffer and enqueues said packet using said 
class of service indicator and a plurality of transmit queues; and 
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1 a dequeue circuit connected to said transmit queue manager and said transmit 

2 packet buffer, wherein said dequeue circuit uses said class of service 

3 indicator to dequeue each said packet. 

4 12. The apparatus as recited in Claim 11, wherein said transmit packet 

5 buffer comprises buffers of different sizes. 

6 13. The apparatus as recited in Claim 11, wherein said transmit packet 

7 buffer comprises buffers of equal size. 

8 14. The apparatus as recited in Claim 11, wherein said transmit queue 

9 manager comprises a congestion avoidance circuit utilizing a status of each said 
^ 10 transmit queue. 



y 11 15. The apparatus as recited in Claim 14, wherein said status comprises a 

12 measure of average queue depth. 

13 16. The apparatus as recited in Claim 11, further comprising a transmit 

14 FIFO connected to an output of said dequeue circuit. 
15 
16 

17 17. An apparatus for s^^^^cBhig^ackets in a communications network 

18 device comprising: 



19 a buffer that receives o 



le or more packetSL said packets comprising a class of 



20 service indicate r; 

21 a transmit queue manager connedfteci^ said%>uffer that buffers each said 

22 packet in a trJm^it padsE^buffer andVenqueues said packet using said 

23 class of serviceaMnJator and a plurality of transmit queues; and 

24 a dequeue circuit conneoted to said ilransmit quiue manager and said transmit 

25 packet buffer, wheS^in said dequeue circ^t uses said class of service 

26 indicator to dequeu^ach said packet. 
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18. The aJpparatus as recited in Claim 17, wherein said transmit packet 
buffer comprises buffers of different sizes. 



19. Tbe^pi^^atiiSsas recited in Claim 17, wherein said transmit packet 
buffer comprisfifs buffers of equak size. 



20. 

manager com 
transmit queue 



The apparatus as recited in Claim 17, wherein said transmit queue 
ises a congestion avoidai^e circuit utilizing a status of each said 



21. THie apparatu^kg^recited in Clai^ 20, wherein said status comprises a 
measure of averag^j^prSue depth. 

22. The apparatus as recited in Claim iVz, further comprising a transmit 
FIFO connected to an output of said dequeue circuit. 





23. \A method of switching packets, which comprises: 
receiving a packet, said packet having a header portion, an optional 

corresponding tail portion, and a class of service indicator; 
switching said packet through a pipelined switch having a plurality of packet 
headW buffers (PHBs), an equal plurality of PHB pointers wherein 
each said PHB pointer points to a corresponding PHB, and an equal 
plurality of pipeline stages connected in a sequence, comprising at least 
a first stage and a last stage, said switching further comprising: 
beginning \aid sequence in each said stage substantially simultaneously 
J\ withVach other said stage; 

^ ^ passing data t^a next stage circuit in said sequence when every said 

operation performed by all said stage circuits is completed; 
reading and storiiag said header in said corresponding PHB using said 

corresponding PHB pointer; and 
outputting a modifier header portion; and 



79 



509911 v2 

Client Reference: 1506/45761 



# 



>mey Docket No. : M-74 1 3 US 



1 buffering said modified header portion in a receive buffer manager (RBM), 

2 said buffering further comprising: 

3 joining said modified header portion and said corresponding tail 

4 portion to form a modified packet; 

5 buffering and enqueuing said modified packet using said class of 

6 service indicator; and 

7 dequeuing said modified packet using said class of service indicator. 

8 24. The method of Claim 23, wherein said switching further comprises: 

9 recording first data in said corresponding PHB using a second said PHB 

10 pointer; 

1 1 comparing said header portion to a first data structure and determining a leaf 

12 pointer using said second PHB pointer; 

1 3 fetching second data using said leaf pointer to access one or more sets of 

14 linked data structures and recording said second data in said 

1 5 corresponding PHB using a third said PHB pointer; 

16 post-processing said header portion using said third PHB pointer and recording 

1 7 third data in said corresponding PHB using a fourth said PHB pointer; 

18 and 

19 assembling said modified header portion using said fourth PHB pointer. 



20 25. The method of Claim 23, wherein said switching further comprises 

2 1 buffering said header portion and said tail portion prior to said switching. 

26. The nilethod of Claim 25, wherein said swdtching further comprises 
r23\ Afmultiplexing said heaoer portion and said tail portion together prior to beginning said 



>23\ A^multiplexing said header j 
sequence. \ 



25 27. The method of Claim 23, wherein said buffering further comprises 

26 buffering said header portion and said tail portion prior to said joining. 



27 28. The method of Claim 27, wherein said buffering further comprises 

28 multiplexing said header portion and said tail portion together prior to said joining. 
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29. The method of Claim 23, further comprising: 
receiving one or more packets; 

buffering and enqueuing each said packet using said class of service indicator 

and a plurality of queues; and 
dequeuing each said packet using said class of service indicator. 

30. The method of Claim 29, wherein said buffering uses a packet buffer 
comprising buffers of different sizes. 

3 1 . The method of Claim 29, wherein said buffering uses a packet buffer 
comprising buffers of equal size. 

32. The method of Claim 29, wherein said buffering further comprises 
avoiding congestion using a status of each said queue. 

33. The method of Claim 32, wherein said status comprises a measure of 
average queue depth. 

34. The method of Claim 29, wherein said dequeuing uses a transmit FIFO. 



35. / A method of ^^yitclling packets, which comprises: 
receiK^ing onk or more packets having a class of service indicator; 
buffi iring and\enqueuing eath said packet using said class of service indicator 

and a plurality of queu£s;_and 
dequeuing eacmsaid packpTusing said class of service indicator. 



36. uTiepa^mod of Claim 35, ^herein said buffering uses a packet buffer 
comprising'Bunfers of different sizes. 

37. TheVnethodpf Claim 35, wl^erein said buffering uses a packet buffer 
comprising buffers of equal size. 
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1 38. Tfoe method of Claim 35, wherein said buffering further comprises 

2 avoiding cons^smon using a status of each said queue. 

3 39. I THp m^tnpS of Claim 38, wherein said status comprises a measure of 

4 average quelJe^i^pm \ 

5 40. \ The method of Claim 35, wherein said dequeuing uses a transmit FIFO. 
7 

8 41 . A computer system for interfacing with a communications network, 

9 comprising computer instructions for: 

10 receiving a packet, said packet having a header portion, an optional 

1 1 corresponding tail portion, and a class of service indicator; 

12 switching said p^ket through a pipelined switch having a plurality of packet 



header bufifers (PHBs), an equal plurality of PHB pointers wherein 
each said PIffi pointer points to a corresponding PHB, and an equal 
plurality of pipeline stages connected in a sequence, comprising at least 
a first stage and>a last stage, said switching further comprising: 
beginning said sequence in each said stage substantially simultaneously 
with each otiier said stage; 



19 passing data to a nex\ stage circuit in said sequence when every said 

20 operation performed by all said stage circuits is completed; 

21 reading and storing saicWieader in said corresponding PHB using said 

22 corresponding PHB pointer; and 

23 outputting a modified headVr portion; and 

24 buffering said modified header portiW in a receive buffer manager (RBM), 

25 said buffering further comprismg: 

26 joining said modified header poMion and said corresponding tail 

27 portion to form a modifieoipacket; 

28 buffering and enqueuing said modified packet using said class of 

29 service indicator; and \ 
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dequeuW 



dequeuinfe^aid modified packet using said class of service indicator. 



2 42. The computer system of Claim 41 , wherein said switching further 

3 comprises: 

4 recording first data in said corresponding PHB using a second said PHB 

5 pointer; 

6 comparing said header portion to a first data structure and determining a leaf 

7 pointer using said second PHB pointer; 

8 fetching second data using said leaf pointer to access one or more sets of 

9 linked data structures and recording said second data in said 

10 corresponding PHB using a third said PHB pointer; 

1 1 post-processing said header portion using said third PHB pointer and recording 

12 third data in said corresponding PHB using a fourth said PHB pointer; 

13 and 

14 assembling said modified header portion using said fourth PHB pointer. 

15 43. The computer system of Claim 41 , further comprising: 

16 receiving one or more packets; 

17 buffering and enqueuing each said packet using said class of service indicator 

1 8 and a plurality of queues; and 

19 dequeuing each said packet using said class of service indicator. 
20 

21 



22 44. A compu\er readable storage medium, comprising computer 

23V\ instructions for: 

receiving a packet, Wd packet having a header portion, an optional 

corresponding tail portion, and a class of service indicator; 
switching said packet through a pipelined switch having a plurality of packet 
header buffers (NHBs), an equal plurality of PHB pointers wherein 
each said PHB pointer points to a corresponding PHB, and an equal 
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1 plurality of pipeline stages connected in a sequence, comprising at least 

2 a firet stage and a last stage, said switching further comprising: 

3 begiWng said sequence in each said stage substantially simultaneously 

4 1 with each other said stage; 

5 passing data to a next stage circuit in said sequence when every said 

6 \ \ operation performed by all said stage circuits is completed; 

\ J/\ readina and storing said header in said corresponding PHB using said 

^^^^ (A ' Ai corresponding PHB pointer; and 

^ (\ I outputtinje a modified header portion; and 

10 buffering said mMified header portion in a receive buffer manager (REM), 

1 1 said buffenng further comprising: 

12 joining saicAmodified header portion and said corresponding tail 

1 3 portion to form a modified packet; 

14 buffering and enqueuing said modified packet using said class of 

15 service indicator; and 

16 dequeuing said modified packet using said class of service indicator. 

17 45. The computer readable storage medium of Claim 44, wherein said 

1 8 switching further comprises: 

19 recording first data in said corresponding PHB using a second said PHB 

20 pointer; 

21 comparing said header portion to a first data structure and determining a leaf 

22 pointer using said second PHB pointer; 

23 fetching second data using said leaf pointer to access one or more sets of 

24 linked data structures and recording said second data in said 

25 corresponding PHB using a third said PHB pointer; 

26 post-processing said header portion using said third PHB pointer and recording 

27 third data in said corresponding PHB using a fourth said PHB pointer; 

28 and 

29 assembling said modified header portion using said fourth PHB pointer. 
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1 46. The computer readable storage meditun of Claim 44, further 

2 comprising: 

3 receiving one or more packets; 

4 buffering and enqueuing each said packet using said class of service indicator 

5 and a plurality of queues; and 

6 dequeuing each said packet using said class of service indicator. 
7 

8 



Lfl 



9 
10 
11 
12 
13 
14 
15 



18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 



4^ A computer data signal embodied in a carrier wave, comprising 
computer instructions for: 

receiving a packet, said packet having a header portion, an optional 

Vorresponding tail portion, and a class of service indicator; 
switching said packet through a pipelined switch having a plurality of packet 
header buffers (PHBs), an equal plurality of PHB pointers wherein 
eacmsaid PHB pointer points to a corresponding PHB, and an equal 
plurality of pipeline stages connected in a sequence, comprising at least 
a first smge and a last stage, said switching further comprising: 
beginning\said sequence in each said stage substantially simultaneously 

witmeach other said stage; 
passing data ro a next stage circuit in said sequence when every said 

operation performed by all said stage circuits is completed; 
reading and storing said header in said corresponding PHB using said 

corresponcmig PHB pointer; and 
outputting a modified header portion; and 
buffering said modified headeu: portion in a receive buffer manager (RBM), 
said buffering further comprising: 

joining said modified header portion and said corresponding tail 

portion to form a mWified packet; 
buffering and enqueuing saia\modified packet using said class of 

service indicator; and \ 
dequeuing said modified packet using said class of service indicator. 
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1 48. The computer data signal of Claim 47, wherein said switching further 

2 comprises: 

3 recording first data in said corresponding PHB using a second said PHB 

4 pointer; 

5 comparing said header portion to a first data structure and determining a leaf 

6 pointer using said second PHB pointer; 

7 fetching second data using said leaf pointer to access one or more sets of 

8 linked data structures and recording said second data in said 

9 corresponding PHB using a third said PHB pointer; 

1 0 post-processing said header portion using said third PHB pointer and recording 

1 1 third data in said corresponding PHB using a fourth said PHB pointer; 

12 and 

1 3 assembling said modified header portion using said fourth PHB pointer. 

14 49. The computer data signal of Claim 47, further comprising: 

1 5 receiving one or more packets; 

16 buffering and enqueuing each said packet using said class of service indicator 

1 7 and a plurality of queues; and 

1 8 dequeuing each said packet using said class of service indicator. 
19 

20 

21 50. An apparatus fok switching packets, said packets having a header 

22 portion, a tail portior , and a class^f service indicator, comprising: 

23 a pipelined switck comprisir^g a plurality of stage circuits connected in a 

24 sequence wherein: V 

25 each s^d stage dfCmit begins an operation substantially simultaneously 

26 Wftfeach other said stage circuit; 

27 feaCfisaimstage Wcuit passes data when every said operation performed 

28 by all saiaystage circuits is completed; 

29 a last stage circuit mat outputs a modified header portion; 
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ected to said last stage circuit, wherein said queue 



ed header portion and said tail portion to form a 
packet; and 

ed packet using said class of service indicator. 
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